Many high-pressure phases of the III-V and II-VI semiconductors have been believed to have the diatomic equivalent of the tetragonal β-tin structure. Recent work has shown this to be incorrect in several cases. It is now shown that the same is strue of all the remaining possibilities -AlSb, HgSe, InP and GaP. The phases concerned all have orthorhombic structures of the Cmcm type. The apparent non-existence of the β-tin structure has important implications for the structural systematics.
The pioneering diffraction meaurements of Jamieson over 30 years ago established that silicon and germanium transform at ~10GPa from their ambient-pressure, 4-fold coordinated (cubic) diamond structures to the (tetragonal) β-tin structure, which is quasi-6-fold coordinated [1] . Most of the III-V and II-VI semiconductors have the diatomic equivalent of the diamond structure, zincblende (ZB), at ambient pressure, and were thought to transform under pressure to the diatomic equivalent of the β-tin structure, with an intermediate NaCl phase in some cases. Direct ZB → β-tin transitions have been identified in AlSb, GaP, GaSb, and InSb, and the ZB → NaCl → β-tin sequence has been found in InP, InAs, CdTe, HgSe, and HgTe (with also a cinnabar phase between ZB and NaCl in the last two cases) [2, 3] .
The diatomic β-tin (d-β-tin) structure has thus played an established role as one of the two principal 6-fold coordinated phases in the high-pressure systematics of the semiconductors. However, recent work has shown that the supposed β-tin phases of GaSb, InSb, InAs, CdTe, and HgTe all have orthorhombic structures [4] . In the case of GaSb this phase appears to have no long-range site-ordering, and the structure is quasi-monatomic with Imma symmetry; it is the same as the phase to which the β-tin phases of Si and Ge transform at higher pressures [4] . In InSb, the phase has site-ordered Immm symmetry. In InAs, CdTe and HgTe, the phase has the siteordered Cmcm structure first identified in ZnTe [4, 5] . β-tin by Jamieson [8] . It was later amended to NaCl, and then distorted NaCl. The most recent study returned to the β-tin interpretation -although only the three strongest reflections (see Figure 1 ) were observed [9] . Figure 1 shows a diffraction profile from AlSb at 14.7GPa and it is clearly not β-tin whichamongst other things -cannot account for two of the lowestangle lines. The calculated profile in Figure 1 is from a siteordered Cmcm structure with a=5.353(1)Å, b=5.788(1)Å and c=5.086(1)Å, with y(Al)=0.599(1) and y(Sb)=0.163 (1) . There are small misfits in a few weak peak positions, but no unit cell can be found that fits them any better and they probably arise from deviatoric stress or stacking faults.
Non-existence of β-tin would call the whole nature of the structural systematics of these materials into question. We have therefore undertaken studies of the four remaining supposed dβ-tin phases -in AlSb, HgSe GaP and InP. The results show that there is no evidence for the d-β-tin structure in any of the III-V or II-VI systems, despite theoretical work apparently establishing its stability [14] .
Although previous studies had identified the structure of HgSe-IV as having the same β-tin-like structure as HgTe-IV, this structure could not explain five observed peaks in the HgSe-IV profiles [10] . Our observed diffraction profiles from HgSe-IV are similar to those of AlSb ( Figure 1 ) and we find that an ordered Cmcm structure accounts for all the observed reflections. At 35.6GPa the structure has a=5.153(1)Å, b=5.559(1)Å and c=4.972(2)Å, with y(Hg)=0.644 (1) and Diffraction data were collected on station 9.1 at the Synchrotron Radiation Source, Daresbury Laboratory, using angle-dispersive x-ray diffraction techniques. The diffraction data were collected with an image-plate detector, at a wavelength of ~0.45Å [7] . Details of our experimental and analysis techniques have been published previously [7] .
The high-pressure structure of AlSb was first identified as Cinn' for cinnabar, and 'orth' and 'tetr' for the orthorhombic and tetragonal phases of HgO. 'Imma', 'Cmcm' and 'Immm' refer to the spacegroup symmetry of the structure. 's-Cmcm' is a superstructure with Cmcm symmetry. 'd-Cmcm' is a distortion of the Cmcm structure. (This structure is yet to be solved and may not be the same in all three cases listed.) 'd-NaCl' appears to be a pseudo-cubic Cmcm-like structure. Where the identifiers are shown in italics, this denotes probable but not yet fully certain structure solutions. The phases shown in parentheses for InSb appear to be intermediate phases [18] . The P2 phase of InSb probably has a site-disordered β-tin structure, which is likely to be the phase obtained on recovery to ambient pressure at low temperature [19] . The d-ZB phases of HgSe and HgTe are 'hidden' -see Ref. [17] . Fig. 2 . As Fig. 1 for InP at 45.6GPa. Arrows mark weak shoulders that indicate the orthorhombic splitting. The continuous growth of the Cmcm (110), (021) and (221) reflections above 28GPa is shown in the inset.
Si
Diam β-tin Imma SH mono hcp fcc y(Se)=0.141 (2) . As in HgTe, the transition to Cmcm is firstorder, with a (small) ∆V/V o of 0.9(5)%.
Ge Diam β-tin Imma SH dhcp InP was previously reported to transform from NaCl to β-tin at 19GPa [11] . However, we observe no transition until 28(1)GPa, above which the continous transition shown in the inset to Figure 2 is observed. This transition has all the characteristics of the continuous NaCl→Cmcm transition first observed in CdTe [12] . The site-ordered Cmcm fit in Figure 2 to data collected at 45.6GPa gives a=4.879(1)Å, b=5.088(2)Å and c=4.923(3)Å, with y(In)=0.658(1) and y(P)=0.143 (2) . Apart from some difficulty with the very broadened (111) reflection the fit is very good.
AlN Wurtz NiAs
AlP ZB NiAs AlAs ZB NiAs AlSb ZB Cmcm GaN Wurtz NaCl GaP ZB Cmcm GaAs ZB Cinn Cmcm GaSb ZB Imma InN Wurtz NaCl Although the most recent study of GaP concluded that the high-pressure phase was β-tin, the diffraction data contain a non-β-tin reflection, while the 'β-tin' (200) and (220) peaks have clear shoulders also not accounted for by β-tin [13] . Our own diffraction profiles, which are very similar to the InP profile of Figure 2 , reproduce all these features, and contain a very weak low-angle reflection. We find all of these features can be accounted for by a site disordered Cmcm structure, with a=4.707(2)Å, b=4.949(1)Å and c=4.701(3)Å, with y(Ga/P)=0.647(3) and y(Ga/P)=0.159(3) at 37.3GPa. The absence of long-range order is made evident from the weakness of the lowest-angle reflection, and the absence of the (111) reflection. HgO orth tetr NaCl We can thus show conclusively that none of the III-V or II-VI phases previously thought to have the β-tin structure in fact does so. All the ~6-fold coordinated site-ordered structures are either NaCl or a distortion of NaCl (Immm and Cmcm). The apparent non-existence of any example of a d-β-tin phase is interesting, especially as calculations show that the d-β-tin structure should exist is some cases. For example, in GaAs the d-β-tin energy is marginally less than that of Cmcm at very high pressures, while in GaP the energy of d-β-tin is less than that of Cmcm above 20GPa and a transition from Cmcm to d-β -tin is explicitly predicted [14] . The non-existence of d-β-tin HgS Cinn NaCl d-NaCl HgSe ZB (d-ZB) Cinn NaCl Cmcm HgTe ZB (d-ZB) Cinn NaCl Cmcm bcc thus appears to be significant, and suggests there may be some impediment to its formation. A possibly significant factor is that all the site-ordered high-pressure phases -NaCl, Cmcm and Immm -have flat NaCl-like planes that differ only in their stacking. The d-β-tin structure is a strong departure from this. In their calculations of a Cmcm-like structure for GaAs, Zhang et al [15] concluded that the Fermi surface is anisotropic, with a corresponding difference between more metallic bonding in the NaCl planes and more covalent bonding linking the planes.
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